In recent times, research has been expanded on
production systems that integrate agriculture,
livestock and forestry, in order to seek the
intensification of the production system and

guarantee sustainability. In this sense, in 2007, the
motivation for implementing the crop-livestock-forest
integration system (CLFi) in Fazenda Boa Vereda
appeared. At that time, the profitability of the cattle
ranching, the base activity of the farm, was very low
(60 kg ha year') and there was disinterest for the
then more attractive and profitable alternative that
was the sugarcane plantation. Thus, the objective

of this work is to present the results obtained during
a decade of experience in the implementation and
conduction of the CLFi system and to highlight its
innovative and sustainable aspects in this property
that is also a unit of technological reference. The
system was implemented in stages, initially with
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a tree component (eucalypts), an agricultural one
(soybean), followed by the forage component
(brachiaria) along with corn. About one month

after the maize harvest, the animal component was
introduced. From then on, the system follows with
the animal and arboreal component until the final
cut of the eucalypts, when a new cycle of CLFi will
be initiated. Multidisciplinary researches have been
developed in this technological reference unit (TRU)
considering the different components of the system.
The different methodologies applied are inherent to
the specificity of each research work developed.
We observe the recovery of the productive capacity
of the soil and the diversification of the economic
activities of the property with increased profitability,
through innovative actions that provided the
generation of consolidated research in 37 published
scientific works, 61 technology transfer activities and
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four honors. The optimization and efficient use of
resources have been significant, with the generation
of a highly competitive, sustainable and innovative
system.

Traditionally, beef cattle farming is an important
source of income for many farmers. In this activity,
herd feeding is the most expressive cost component
of production, so many owners opt for extensive use
of forage resources, which means leaving cattle in
the pasture and not providing supplementary feed.
However, the lack of adequate replacement of the
nutrients in the soil and the inadequate management
of the animals, lead to degradation of the pastures
which compromises the sustainability of the activity.
This is the reality of most rural properties in Brazil,
and is no different at Cachoeira Dourada, in the
south of the State of Goias.

With the incentives to produce ethanol and
consequently, with the growth of sugarcane
processing plants in this region, what has been
observed since 2007, there was a great growth

in the production of sugar cane which prevailed
until the beginning of the economic crisis in 2014.
Between 2007 and 2014, the option of renting
the land to the sugar and alcohol industry, through
a contract with the mills, was considered very
attractive. This is because the value paid per
hectare for sugarcane plantations far exceeded that
achieved by beef cattle and even other traditional
crops such as soybeans and corn. This situation
motivated many producers to lease their land for
long periods.

Despite the considerable advantage of the price
hitherto paid for land leasing, there were also the
risks and problems generated by monoculture. In
this scenario, an alternative found for Fazenda

Boa Vereda to improve economic results with land
use, was the implementation of the crop-livestock-
forest integration system (CLFi). This pioneering
and innovative initiative had the collaboration of
researchers from the Brazilian Agricultural Research
Corporation (Embrapa) and federal universities.

A few years ago, this system gained strength
among rural producers, through the generation

of knowledge and technology transfer actions,
promoted by public and private institutions in Brazil.
This is because several environmental, economic

and social benefits are provided by the CLFi
system, which has been pointed out as a promising
alternative to traditional land use systems (BALBINO
et al.,, 2011a, 2011b; MACEDO, 2000; MACEDO
et al., 2010a, 2010b; PORFIRIO-DA-SILVA et al.,
2009).

In this scenario, this paper aims to present the
results obtained during a decade of implementation
and conduction of the CLFi system and highlight its
innovative and sustainable aspects at Fazenda Boa
Vereda, in the municipality of Cachoeira Dourada, in
the south of the State of Goias.

The TRU for crop-livestock-forest integration (CLFi)
was installed at Fazenda Boa Vereda, located in the
municipality of Cachoeira Dourada, in the south of
Goias (Figure 1).

The main activity of the farm until then was
extensive cattle ranching. The option to use

the CLFi system occurred because the area had
degraded pastures, low animal support capacity and
consequently, low financial returns.

The average altitude in the Municipality of Cachoeira
Dourada is 459 m, inserted in the Bioma Cerrado.
The climate is Aw, according to the classification of
Koéppen, being tropical humid, with two well defined
seasons, dry in winter and humid in summer. The
average annual temperature is 24,9 °C. The average
annual rainfall is 1,229 mm, with a concentration
between October and March. The soils of this area,
typical of the tropical regions, are very weathered
and have low natural fertility, predominantly Dark
Red Latosol of clay texture.

The TRU was implemented in four stages or
consecutive harvests. This choice was made in
order to better balance the financial expenses of the
producer over time.

In the 2008/2009 harvest, the CLFi 1 system was
established in an area of 47 ha. The system followed
the following sequence (Figure 2): 1) in the first
year soybean and eucalypts were planted, being
considered Year O; 2) the following year, Year 1,
maize was planted in the area where the soybean
was harvested, intercropped with Brachiaria. Thus,
after the maize harvest, the pasture is already
implanted and, since the brachiaria has a rapid
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Figure 1. Details of the location of the technological reference unit (TRU) in a crop-livestock-forest integration system
(CLFi) at Fazenda Boa Vereda, at Cachoeira Dourada, in the State of Goias, Brazil.
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regrowth, the pasture can be used approximately
one month after the corn harvest.

The CLFi 1 system was implanted in a spatial
arrangement of sets of three eucalypts rows spaced
3 m apart and 3 m between plants. There was a

14 m distance between each set of eucalypts tree
rows for planting the crop and later the pasture. This
CLFi system is composed of 62.5% crop/pasture
and 37.5% forest. For the planting of the crop, it
distanced itself within 1 m of the eucalypts line

and 0.25 m was considered as a border for planting
the crops, so 0.75 m was considered as an area of
eucalypts. Thus, the planting density was 500 trees
per hectare. Further details of the other systems are
presented in Table 1.

Germplasm of nine Eucalyptus spp. clones was used
to compose the four CLFi systems and a seminal
provenance of cultivar BRS 287 of Corymbia (ex-
Eucalyptus) maculata. Further details can be seen in
Table 2.

In all CLFi systems, the soybean variety used was
BRS-GO 8360, the maize varieties were BRS 1030

and BRS 1035 and for the Brachiaria brizantha,
Marandu and Piata cultivars were used for grazing.

Due to the state of soil degradation, its preparation
was carried out by means of two heavy grading
operations to incorporate the limestone, followed
by two grading operations, performed shortly
before the planting of soybean and eucalypts. The
planting fertilization was based on the technical
recommendation defined by the soil analysis and
based on the soybean crop that is more nutritionally
demanding.

Weed control was carried out with chemical control
between crop lines and manual weeding for crowning
of the eucalypts until the tenth month after planting.
Integrated pest management (IPM) has been carried
out in the management of CLFi systems.

The corn, as commented previously, was planted
simultaneously with the brachiaria. In this type of
consortium, one of the compromising factors of yield
and quality of maize production is grass competition
in the first 50 days after planting. In this way,
herbicide sub dose vwas applied to inhibit forage

Table 1. Description and characterization of four crop-livestock-forest integration systems (CLFi) implanted in
the Technological Reference Unit of Fazenda Boa Vereda, in Cachoeira Dourada, Goiés.

Code Crop Space arrangement
CLFi1 2008/2009 3(Bmx3m)+ 14m
CLFi2 2009/2010 4(3mx3m) + 22m
CLFi3 2009/2010 1,5mx 14 m
CLFi4 2010/2011 4(3mx2m) + 22m

Occupation of area

Ul (% of crop + % of forest)
500 60% crop + 40% forest
430 64% crop + 36% forest
476 86% crop + 14% forest
645 64% crop + 36% forest

Table 2. Eucalyptus and Corymbia germplasm implanted in different crops at the
Technological Reference Unit of Fazenda Boa Vereda, Cachoeira Dourada, Goiés.

Germplas
Code Crop Name Species
Clonal Seminal
AEC 144 E. urophylla
CLFi1 2008/2009
AEC 224 E. urophylla
X P21 E. urophylla x E. grandis
) X P22 E. urophylla x E. grandis
CLFi2 2009/2010
X AAC 645 E. urophylla
X AAC 86 E. urophylla
CLFi3 2009/2010 X BRS 287 C. maculata
X AEC 224 E. urophylla
CLFi4 2010/2011 X BRS 362 E. grandis
X BRS 363 E. grandis
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growth and reduce its competitive effect on the
maize.

Bovine animals with a cut-off purpose, introduced
into the system, were mixed breed and had an
average weight of 242 kg. During the year, the
feeding of these animals had been done through
grass supplementation. The amount of supplement
varies depending on the weight of the animal
(0.01% of live weight).

It should be noted that since the implementation of
TRU, multidisciplinary research has been developed
considering the different components of the system.
The various methodologies applied are inherent to
the specificity of each research work developed

and can be observed in the publications cited in the
results of this document.

Results achieved

- Revenues from agricultural crops accounted for
approximately 85% of the amounts spent on the
implementation of the CLFi system. Thus, soybean
and corn crops are important to amortize and thus
to balance the cash flow of the system and give
the time necessary for the secure establishment of
the tree component.

- In the beef cattle, the average productivity
reached has been 270 kg ha' year', whereas
before the implantation of this TRU, it was
60 kg ha year™. It should be noted that the
national average of the conventional system is
currently 105 kg ha' year'. The CLFi system
allows the practice of a beef cattle crop with
positive carbon balance, which provides benefits
to the environment, with the production of the
so-called “carbon neutral meat”.

- The average volume productivity of wood in the
CLFi system is 40 st ha' year' with
500 trees ha'. This productivity is similar to the
national average under traditional monoculture
commercial conditions. In each hectare of the
CLFi 1 system, at the age of seven, the following
timber products have been obtained to date:
100 posts ha for propping high-tension grids
of excellent quality and 280 st ha' of firewood
(renewable source power). In the CLFi 1 system,

the 200 best trees ha™ are still in the field, aiming
to reach the ideal dimensions for the production
of sawn lumber with higher added value, with

a cut age of 15 years. It is worth mentioning

that the choice of eucalypts as an arboreal
component occurred due to the possibility of the
various opportunities of wood use with income
diversification. The trees of the CLFi systems 2,

3 and 4 remain in the field in their entirety, due to
the early age for cutting and obtaining wood for
commercialization. When these trees reach cutting
ages, wood products will be obtained similarity to
that conducted in the CLFi 1 system.

There is a clear risk reduction due to improvements
in production conditions and the diversification of
commercial activities.

There is an increase and diversification of the
income of the producer during the year.

Some of the advantages of introducing the tree
component into the system are i) trees use
different portions of the biosphere compared to
the agricultural and animal components; ii) the
reduction of soil compaction and erosion, with
progressive attenuation of rainfall impact and
increase of litter levels (17.46 t ha'); iii) the use
of nutrients located in deeper soil horizons; iv) the
modification of the quality and quantity of light
intensity by the canopy; v) the improvement in air
quality; vi) the sequestration of carbon dioxide; vii)
the control of the erosive effect of the wind; viii)
the contribution in the process of regularization of
the flow of water sources; ix) the improvement

of the productive capacity of the soil; x) the
contribution of reducing pressure on remnants of
native forests; xi) the increasing the ecological
stability of plantation areas; xii) shelter, refuge and
source of food for fauna; xiii) the improvement of
the physical, chemical and biological attributes of
the soil; xiv) the reduction of productivity losses
in the summer, when associated with soil fertility
correction practices and no-tillage system; xv) the
minimization of the occurrence of diseases and
weeds; xvi) the increase of animal welfare, due
to the greater thermal comfort; xvii) the greater
efficiency in the use of inputs and expansion

of the positive balance of energy and xuviii) the
improvement in the use of natural resources by
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complementarity and synergy between plant and
animal components.

- Decrease in the use of agrochemicals to control
insect pests and diseases in all components of the
system (agricultural, forage, arboreal and animal)
and also the decrease in weeds.

- Improved recharge and water quality.

- Encouragement for the employees of the farm to
be better qualified.

- Improvement of the image of agricultural
production, as it reconciles productive activity and
environmental sustainability.

- The TRU of Fazenda Boa Vereda has been
continuously used in research and innovation
activities. Thus, the results described above were
obtained from multidisciplinary research that can
be proven by the technical and scientific papers
published and listed below:

Papers

KASCHUK, M. A. N.; LUCA, M. J. de; HUNGRIA, M.

Response of determinate and indeterminate soybean
cultivars to basal and topdressing N fertilization
compared to sole inoculation with Bradyrhizobium.
Field Crops Research, v. 195, p. 21-27, 2016. DOI:
10.1016/j.fcr.2016.05.010.

FUKAMI, J.; NOGUEIRA, M. A.; ARAUJO, R. S.;
HUNGRIA, M. Accessing inoculation methods of
maize and wheat with Azospirillum brasilense. ANMB
Express, v. 6, n. 3, p. 1-13, 2016. DOI: 110.1186/
s13568-015-0171-y.

COELHO JUNIOR, J. M. L. P.; SILVA NETO, C. M.
E.; SOUZA, K. R.; GUIMARAES, L. E.; OLIVEIRA, F.
D.; GONCALVES, R. A.; MONTEIRO, M. M.; LIMA,
N. L.; VENTUROLI, F.; CALIL, F. N. Volumetric
models for Eucalyptus grandis X urograndis in a
crop livestock: forest integration (CLFI) system in
the brazilian Cerrado. African Journal of Agricultural
Research, v. 11, p. 1336-1343, 2016. DOI:
10.5897/AJAR2016.10806.

ASSIS, P. C. R.; STONE, L. F.; MEDEIROS, J. C.;
MADARI, B. E.; OLIVEIRA, J. de M.; WRUCK, F. J.

Atributos fisicos do solo em sistemas de integracao
lavoura-pecudria-floresta. Revista Brasileira de
Engenharia Agricola e Ambiental, v. 19, n. 4,

p. 309-316, 2015. DOI: 110.1590/1807-1929/
agriambi.v19n4p309-316.

HUNGRIA, M.; NOGUEIRA, M. A.; ARAUJO, R.

S. Alternative methods of soybean inoculation to
overcome adverse conditions at sowing. African
Journal of Agricultural, v. 10, n. 23, p. 2329-2338,
2015. DOI: 10.5897/AJAR2014.8687.

HUNGRIA, M.; NOGUEIRA, M. A.; ARAUJO,

R. S. Soybean seed co-inoculation with
Bradyrhizobium spp. and Azospirillum brasilense:
a new biotechnological tool to improve yield

and sustainability. American Journal of Plant
Sciences, n. 6, p. 811-817, 2015. DOI: 10.4236/
ajps.2015.66087.

MARKS, B. B.; MEGIAS, M.; OLLERO, F. J.;
NOGUEIRA, M. A.; ARAUJO, R. S.; HUNGRIA,

M. Maize growth promotion by inoculation with
Azospirillum brasilense and metabolites of Rhizobium
tropici enriched on lipo-chitooligosaccharides (LCOs).
AMB Express, v. 5, n. 71, p. 2-11, 2015. DOI:
10.1186/s13568-015-0154-z.

LISBOA, F. J. G.; CHAER, G. M.; FERNANDES, M.
F.; BERBARA, R. L. L.; MADARI, B. E. The match
between microbial community structure and soil
properties is modulated by land use types and
sample origin within an integrated agroecosystem.
Soil Biology & Biochemistry, v. 78, p. 97-108,
2014. DOI: 110.1016/j.s0ilbio.2014.07.017.

FERREIRA, E. M.; SANTANA, A. V.; CALIL, F.

N.; TSAI, H. M.; COSTA, L. F. S. Resisténcia a
penetracdo em solo sob sistema de integracao
lavoura-pecudria-floresta, pasto convencional e
mata nativa do Cerrado. Enciclopédia Biosfera, v.
10, p. 2675-2680, 2014. Disponivel em: < http://
www.conhecer.org.br/enciclop/2014a/AGRARIAS/
resistencia.pdf>.

Book chapters

PORFIRIO-DA-SILVA, W.; BEHLING, M.; PULROLNIK,
K.; VILELA, L.; MULLER, M. D.; OLIVEIRA, T. K.;
RIBASKI, J. RADOMSK, M. I.; TONINI, H.; PACHECO,
A. R. Implantacdo e manejo do componente florestal
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em sistemas de integracdo lavoura-pecudria-floresta.
In: CORDEIRO, L. A. M. et al. (Ed.). Integracédo
lavoura-pecuaria-floresta: o produtor pergunta, a
Embrapa responde. Brasilia, DF: Embrapa, 2015, p.

81-102. Disponivel em: <http://ainfo.cnptia.embrapa.

br/digital/bitstream/ item/126941/1/2015-V.Porfirio-
ILPF-Implantacao. pdf>.

WRUCK, F. J.; BEHLING, M.; ANTONIO, D. B. A.
Sistemas integrados em Mato Grosso e Goias. In:

LAURA, W. A.; ALVES, F. V.; ALMEIDA, R. G. (Ed.).

Sistemas agroflorestais: a agropecudria sustentavel.
Brasilia, DF: Embrapa, 2015, p. 169-194. Disponivel
em: <http://agriculturaconsciente.com.br/wp-
content/uploads/2015/06/Sistemas-Agroflorestais-
Embrapa.pdf>.

PACHECO, A. R.; CHAVES, R. Q.; NICOLI, C. M.
L. Integration of crops, livestock, and forestry: a
system of production for the Brazilian Cerrados. In:
HERSHEY, C. H.; NEATE, P. (Ed.). Eco-efficiency:
from vision to reality. Cali: CIAT, 2013. p. 51-61.
(Issues on Tropical Agriculture). Disponivel em:

< http://ainfo.cnptia.embrapa.br/digital/bitstream/
item/84508/1/52.pdf>.

Master “s thesis

GUIMARAES, L. E. Aspectos ecoldgicos e
produtividade em um sistema de integracdo
lavoura-pecuaria lavoura-pecuaria-floresta

(iLPF) no Brasil Central. 2015. Dissertacao
(Mestrado em Agronomia) - Universidade Federal
de Goias, Goiania. Disponivel em: <https://
repositorio.bc.ufg.br/tede/bitstream/tede/5647/5/
Disserta% C3%A7%C3%A30%20-%20Luanna%20
Elis%20Guimar% C3%A3es%20-%202015.pdf>.

COELHO JUNIOR, J. M. L. P. Biomassa e volumetria
de Eucalyptus urograndis em um sistema de
integracao lavoura-pecuaria-floresta (iLPF) na

regido sul de Goias-GO. 2015. Dissertacao
(Mestrado em Agronomia) - Universidade Federal

de Goias, Goiania. Disponivel em: <https://
repositorio.bc.ufg.br/tede/bitstream/tede/6352/5/
Disserta% C3%A7%C3%A30%20-%20
J0s%C3%A9%20Mauro% 20Lemos% 20Pinto% 20
Coelh0%20J%C3%BAnior%20-%202015.pdf >.

CORREA, R. S. Emissdo de gases de efeito estufa
em sistema integracéo lavoura-pecuaria-floresta

no Cerrado. 2014. Dissertacao (Mestrado em
Agronomia) - Universidade Federal de Goids, Goiania.

PhD thesis

OLIVEIRA, J. de M. Carbono no solo em sistemas
integrados de producdo agropecuaria no Cerrado

e na transicdo Cerrado - Amazodnia. 2015. Tese
(Doutorado em Programa de Pés-graduacao em
Agronomia) - Universidade Federal de Goiés,
Goiania. Disponivel em: <https://repositorio.bc.ufg.
br/tede/bitstream/tede/5428/5/Tese%20-%20
Jana%C3%ADna%20de % 20Moura% 200liveira% 20
-%202015.pdf>.

ALVES, A. L. R. Sequestro de carbono em
integracao lavoura-pecuaria-floresta no Cerrado.
2012. Tese (Doutorado em Agronomia) -
Universidade Federal de Goids, Goiania.

PhD thesis in progress

FERREIRA, J. L. S. Parametros produtivos e aspectos
da dinamica nutricional em um sistema de integracéo
lavoura-pecuaria-floresta (iLPF). Tese (Doutorado em
Agronomia) - Universidade Federal de Goids, Goiania.

Final monograph

ABREU, K. M. Serapilheira acumulada e estoque

de nutrientes em sistema de integracdo lavoura-
pecudria-floresta (iLPF) em diferentes idades. 2015.
Trabalho de Conclusao de Curso (Graduacdo em
Engenharia Florestal) - Universidade Federal de
Goias, Goiania.

PEREIRA, A. C. de C. Emissédo de gases de efeito
estufa (N20 e CO2) em sistema integracdo lavoura-
pecuaria-floresta monitorado com o método fluxo-
gradiente (micrometeorologia). 2014. Trabalho de
Conclusao de Curso (Graduacao em Agronomia) -
Uni-Anhanguera.

Abstracts and complete papers in events

CALIL, F. N.; CALASSA, C. H. Deposicao de
serapilheira em sistema de integracao lavoura-
pecuéria-floresta no Cerrado Brasileiro. In:
JORNADAS TECNICAS FORESTALES Y
AMBIENTALES, 17., 2016, Posadas. Acta de
conferencias y resimenes. [Eldorado]: Universidad
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Nacional de Misiones, Facultad de Ciencias
Forestales, 2016.
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MONTEIRO, L. A.; WANDER, A. E. Adoption of
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Towards sustainable intensification: proceedings.
Brasilia, DF: Embrapa, 2015.
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Towards sustainable intensification: proceedings.
Brasilia, DF: Embrapa, 2015.

GONCALVES, R. A.; SILVA NETO, C. M. E.;
GUIMARAES, L. E.; OLIVEIRA, F. D.; SOUZA, K.
R.; CALIL, F. N. Biomass production in different
eucalyptus compartments in a crop livestock. In:
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Towards sustainable intensification: proceedings.
Brasilia, DF: Embrapa, 2015. p. 263-263.
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R. L. L.; STONE, L. F.; MEDEIROS, J. C.; LISBOA,
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SILVA NETO, C. M.; GUIMARAES, L. E;
MONTEIRO, M. M.; SILVA, M. F.; CALIL, F.
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ENTRE LAVOURA, PECUARIA E FLORESTAS (iLPF),
2016, Faculdade Multivix, Castelo.

PACHECO, A. R. Sistema de iLPF: Estudo de caso
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Federal do Piaui, Bom Jesus do Piaui.
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Agricultura, Pecuaria e Abastecimento, Brasilia, DF.

PACHECO, A. R. Sistema de iLPF: da viabilidade
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Details of some visual results depicting a sustainable
change in land use in TRU are indicated by the
following photographic history (Figures 3 to 7):

Figure 3. Past degraded pasture (a) and later, the technological reference unit for crop-livestock-forest integration, already
implanted with the post-harvest of soybean and eucalypts (b) and new pasture with eucalypts (c), at Fazenda Boa Vereda,
in Cachoeira Dourada, Goiés.
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Figure 4. Development of soybean + eucalypts in the CLFi 4 system, in Year O, Fazenda Boa Vereda, in Cachoeira
Dourada, Goias.

Figure 5. Development of corn + brachiaria + eucalypts in the CLFi 4 system, Fazenda Boa Vereda, in Year 1, in
Cachoeira Dourada, Goias.
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Figure 6. Development of brachiaria + eucalypts + bovine in the CLFi system, at Fazenda Boa Vereda, in Cachoeira
Dourada, Goias.

Figure 7. Development of brachiaria + eucalypts + bovine in the CLFi 4 system, in Year 2, Fazenda Boa Vereda, in
Cachoeira Dourada, Goias.
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Brasil - Germany, 2015.
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